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AND UNDERSTANDING OF THE 
SALISH SEA 
Synthesizing key threats and their impacts to an 
ecosystem like the Salish Sea forms a foundation 
for action, including but not limited to: science 
agendas to better understand the impacts of these 
threats, forecasts to make predictions about future 
conditions, educational action so municipalities 
and managers can understand the problems and 
be responsive with planning and infrastructure, 
and regulatory action to limit further harm and 
remediate current ills to result in net ecosystem 
improvement (Thom et al. 2005; Diaz et al. 2020). 
In this section, we highlight several examples 
of positive actions already underway to better 
understand the Salish Sea. We also offer several 
related opportunities for new or enhanced action 
to meet the needs of science and science-driven 
management in the Salish Sea. The following 
table provides a concise overview of those 
needs and opportunities, organized into three 
categorical objectives and ten specific actions. 
The following pages explain and expand upon 
the proposed objectives and actions. 
We do not prescribe scientific collaboration 
and research as the “fix” for the Salish Sea. Full 
restoration and protection of the Salish Sea 
requires a robust suite of enhanced regulatory 
and management actions, and fundamental 
shifts in “business as usual” in our bioregion (see 
Section 7 and Vignette 20, Fraser River Estuary). 
However, scientific understanding does increase 
our ability to detect and address environmental 
changes quickly and at the scale necessary to 
enable decisive and effective action. 
There are significant opportunities to 
improve science in our region, through early 
identification of emerging problems and a 
clearer understanding of the cumulative impacts 
of legacy, continuing/persistent, and emerging 
problems. Better science will afford opportunities 
for better management and a more resilient 
Salish Sea. 
SECTION 6
BUILD HABITS AND SUPPORT FOR COLLABORATING 
ACROSS DISCIPLINES AND BORDER 
Establish a Salish Sea Science Panel
Advance Data Collection and Monitoring Using Novel Tools
Use Models as Integrative Tools
Create a Transboundary Salish Sea Data and Information Repository
EMBRACE MULTIPLE WAYS OF KNOWING AND 
CONNECTING TO THE SALISH SEA
Apply Social-Ecological Systems Science
Recognize Indigenous Knowledge Systems
Build Knowledge, Relationships, and Connection through Place-
Based Learning
STRENGTHEN THE SCIENCE-TO-MANAGEMENT BRIDGE
Enable Practitioners to Bridge Science and Community Investment
Use Adaptive Management Tools to Strengthen Planning
Build Sustained and Regenerative Ecosystem Functions to Improve 
Resilience  
VIGNETTES
21: How Ecological Time-Series Inform Response to Stressors
22: Sense of Place
23: Indigenous Management Systems Can Promote More Sustainable 
Salmon Fisheries in the Salish Sea 
“Despite a significant investment of energy and resources 
from federal, tribal, state, and local governments and non-
governmental partners, habitat degradation continues to outpace 
restoration. While this situation at times seems impossibly bleak, 
the thousands of passionate people who are devoted to seeing 
the return of a healthy and resilient Puget Sound give us hope.”
Laura Blackmore, Executive Director, Puget Sound Partnership, 
from State of the Sound Report 2020
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Establish a Salish Sea  
Science Panel
Advance Data Collection and 
Monitoring Using Novel Tools
Create a Transboundary 
Salish Sea Data and 
Information Repository
Convene scientists from Indigenous Nations, Washington, 
and British Columbia to re-prioritize formal collaboration and 
develop large-scale actionable science needs, priorities, and 
methods. Maintaining the strength and priority of science in the 
Salish Sea is essential for identifying emerging concerns and 
creating actionable solutions.
Leverage creative partnerships and new technologies to collect 
data over long time periods and larger spatial scales to better 
understand changes from climate change and local human 
impacts.
Ongoing modeling work throughout the Salish Sea is bringing 
together data, computing power, and technical expertise to 
better understand oceanographic and ecosystem processes. 
Modeling tools should incorporate the multiple simultaneous 
and cumulative impacts on the Salish Sea from climate 
change, urbanization, and more. To become truly powerful and 
integrative, models must incorporate the transboundary, social-
ecological system at multiple levels of spatial and temporal 
complexity.
Develop strategies for integrated data management, including 
efforts to harmonize data across the border and across 
disciplines, jurisdictions, and agencies. Long-term collection and 
curation of Salish Sea-wide data, information, and stories will 
support shared efforts toward transboundary science, policy, and 
education.
BUILD HABITS AND SUPPORT  
FOR COLLABORATING ACROSS  
DISCIPLINES AND BORDER 
OPPORTUNITIES FOR 
IMPROVING ASSESSMENT 
AND UNDERSTANDING OF 
THE SALISH SEA: OVERVIEW 
EMBRACE MULTIPLE WAYS OF KNOWING 







Connection through  
Place-Based Learning
Invest in initiatives that address human well-being and cultivate 
a strong sense-of-place within Salish Sea communities. 
Understanding the complex relationships between people and 
their environment can stimulate wise management decisions and 
development actions for ecosystem restoration and protection, 
as well as economic sustainability.
Recognize traditional ecological knowledge in assessing, 
managing, and restoring the state of the Salish Sea and its 
ecosystem functions. Through co-management, creating ethical 
space for collaboration, and working together as equal partners, 
we can better ensure the future health and wellness of the Salish 
Sea.
Invest in more intentional Salish Sea-wide place-based 
education, including support for Indigenous communities to 
build capacity for ecological and cultural restoration. Education 
initiatives can increase appreciation of the Salish Sea, creating 
stronger ties with the lands and waters around us.
STRENGTHEN THE  
SCIENCE-TO-MANAGEMENT BRIDGE
Enable Practitioners to  
Bridge Science and 
Community Investment
The Salish Sea benefits from many local- and regional-scale 
organizations that operate at the interface of science and 
practice, bringing additional participants into actionable 
science. Foster community science initiatives by promoting local 
involvement in data collection, restoration, and priority-setting 
to elevate calls to action within the Salish Sea. 
Use Adaptive Management 
Tools to Strengthen Planning
Use adaptive management strategies to address cumulative 
impacts associated with climate change and human 
development in the Salish Sea. The iterative nature of adaptive 
management allows for simultaneously confronting complexity 
and uncertainty while also being proactive and responsive at 
local and regional scales. 
Build Sustained and 
Regenerative Ecosystem 
Functions to Improve Resilience 
Build resilience, especially at the land-sea ecotone where human 
infrastructure will exacerbate problems associated with rising sea 
level. Positive, protective, restorative, and regenerative actions are 
increasingly necessary as the population grows and threats from 
climate change alter ecosystem processes.








Establish a Salish Sea Science Panel
There is a need to prioritize ecosystem-scale 
work, to engage decision-makers at the 
highest levels in a shared effort to understand 
emerging and persistent concerns, and to 
protect and restore the Salish Sea. To increase 
formal collaboration and provide a groundwork 
for shared methods and initiatives, a Salish 
Sea Science Panel with positions for scientists 
from bioregional universities, agencies, and 
communities in British Columbia, Washington 
State, and Coast Salish Nations should be 
convened to identify and develop large-scale 
actionable science needs and priorities for the 
Salish Sea estuarine ecosystem. 
There are currently ad hoc efforts to integrate 
science and science policy across the border, 
driven by researchers with shared interests 
and methods, as well as large science policy 
initiatives. In some cases, these efforts are 
formalized. For example, in Washington, there 
is the Puget Sound Partnership Science Panel 
with Canadian scientists represented. The 
Transboundary Indicators program draws on 
both United States Environmental Protection 
Agency and Environment and Climate Change 
Canada federal agencies to collaborate on the 
development and communication of indicators. 
The Salish Sea Marine Survival Project has 
leadership from both Canada and the United 
States setting the research agenda for the 
program. Outside of formal programs, the 
research community is collaborating through 
regional professional meetings, shared 
research interests and joint publications, 
professional networks, and other forms of 
cross-border collaboration. 
We have world-class universities and invested, 
collaborative researchers in the region that have 
garnered support from regional and federal 
government entities, Tribal and First Nations 
partners, non-profits, and private citizens. 
Maintaining the strength and priority of science 
in the Salish Sea is essential for identifying 
emerging concerns and creating actionable 
solutions. A robust Salish Sea Science Panel 
would bring together scientists and thinkers 
across disciplines and borders to strengthen and 
prioritize science in understanding and caring for 
the shared waters of the Salish Sea. 
In many respects the Salish Sea presents a 
compelling scientific challenge with dynamic, 
context-dependent mixing, stratification, and 
biological productivity. The oceanography—from 
physical to biological—is challenging to resolve on 
short-term time scales and on small spatial scales. 
Combined with anthropogenic pressures imposing 
changes to ecosystem components, there is no 
shortage of applied science needs and inquiries 
to develop. A Salish Sea Science Panel would 
provide structure to identify priorities and shared 
opportunities for actionable science and solutions. 
Clouds rolling in over Vancouver’s English Bay
Photo: iStock
Convene scientists from Indigenous Nations, Washington, and British Columbia to 
re-prioritize formal collaboration and develop large-scale actionable science needs, 
priorities, and methods. Maintaining the strength and priority of science in the Salish Sea 
is essential for identifying emerging concerns and creating actionable solutions.
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Advance Data Collection and Monitoring Using Novel Tools
To truly understand change in our system, 
time-series on fundamental oceanographic 
and ecological processes are necessary. The 
spatial openness of the marine ecosystem 
where changes hundreds or thousands of 
kilometers away may influence controlling 
factors like temperature or ocean chemistry 
means an immense amount of knowledge 
must underpin management (Culhane et al. 
2018). To understand natural variability in 
the ecosystem and further detect change, 
consistent data collection over long time 
periods is necessary (see Vignette 21, 
Ecological Time-Series). This need is often 
unmet due to short funding cycles and the 
desire for rapid project implementation and 
completion or action-oriented science on 
shorter time scales. Targeted studies with 
specific questions and objectives are no less 
important for understanding mechanisms of 
change, but they are enhanced when coupled 
with long-term understanding to provide 
context, especially in abnormal or anomalous 
years, which may portend conditions to come. 
Decadal-scale data sets are needed, as well 
as spatial coverage throughout the estuary, to 
understand the Salish Sea as a system.
New technologies—especially remote sensing—
offer the ability to collect vast amounts of data 
in ways not fully realized 25 years ago. For 
example, the Spectral Remote Sensing research 
group at University of Victoria is working towards 
developing research methods to more effectively 
use remotely sensed imagery for understanding 
and monitoring biogeophysical processes in 
marine waters and has promising projects in 
the Salish Sea (UVic Spectral 2021). One of the 
challenges of working with remotely sensed 
data is that the volume of data collected is often 
immense. Where a field study may suffer from 
sample size problems when one jar is accidentally 
knocked over, remotely sensed data suffers 
from an overload of information, only some of 
which may be useful for the question at hand. 
Processing satellite data or data from sensor 
arrays requires computational skill and resources.
Existing ocean observing platforms like 
NANOOS (Northwest Association of Networked 
Ocean Observing Systems) are important assets 
in understanding Salish Sea oceanography. But 
an array deployed throughout the Salish Sea 
with a commitment to funding for maintenance 
and data stewardship would increase the value 
of these sensors. In addition to providing a 
coordinated dataset, a more comprehensive 
and permanent network will aid in calibration 
and validation of the many numerical ocean 
models under development in the region, as 
well as local-scale studies where continuous 
data collection may not be feasible. Consistently 
collected data, as could be obtained by a 
comprehensive Salish Sea sensor array, would 
provide an integrated picture of natural variability 
and emerging trends within the estuary.
Maritime traffic in the Salish Sea can be 
leveraged for providing data on ocean conditions 
along regularly traveled routes. For example, 
Ocean Networks Canada (ONC; Ocean Networks 
Canada 2021) has put instrumentation on 
British Columbia ferries to collect weather and 
oceanographic data along ferry routes. These 
data are telemetered to ONC when vessels 
are in port. The ferries collect a variety of data 
on physical and biological processes, such as 
temperature, turbidity, and fluorescence, which 
enable characterization of the Fraser River plume 
and the spring phytoplankton bloom. Using 
vessels of opportunity or other remote platforms, 
like Saildrones, to collect water quality data may 
afford a more geographically robust long-term 
data collection effort.
Few agencies are equipped with the data analytic 
capacity to process massive transboundary data 
sets and serve them efficiently to the community. 
Given that the region is a global center of 
technological and data analytics development, 
leveraging local expertise and capacity from 
the private sector could yield solutions to the 
problem of data filtering and data management. 
Creative partnerships may present opportunities 
to create a robust network of sensors or 
autonomous platforms that could provide real-
time datasets with high spatial and temporal 
resolution. When integrated with regional 
models, these datasets may provide increased 
understanding, and more importantly, an ability 
to detect change in the ecosystem.
Surface currents in Haro Strait near San Juan Islands showing complex currents eddies
Source: Tarang Khangaonkar
Leverage creative partnerships and new technologies to collect data over long time 
periods and larger spatial scales to better understand changes from climate change and 
local human impacts.
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spatial and temporal scales. Meanwhile, in the 
absence of extensive data, simple models that 
are less data intensive provide insight for a range 
of possible outcomes. 
The demand for a variety of modeling 
approaches arises from the need for 
quantitative tools that are capable of handling 
the multiple simultaneous impacts expected 
under climate change, continued urbanization 
and development, and varying management 
strategies. Most modeling efforts are in direct 
support of management; for example, we might 
use a model to identify areas with suitable 
conditions for eelgrass restoration (Thom et al. 
2018) or to identify where oil spilled from a vessel 
may be transported by currents (Johannessen 
et al. 2020). Understanding fundamental 
ecological processes is essential for building 
robust frameworks, and models both rely on 
available data and inform where additional data 
are needed. To become truly powerful and 
integrative tools for fully understanding and 
successfully managing the ecosystem in the face 
of pervasive threats, models must incorporate 
(and harness) the transboundary, social-
ecological system at multiple levels of spatial and 
temporal complexity. 
In order to produce high-quality quantitative 
models, high resolution data collection, 
management, and dissemination is key. Leveraging 
regional capabilities in data analytics could build 
the data infrastructure needed to move into 
the next several decades. Our ability to build 
reasonable forecasts to prepare for what lies 
ahead is also predicated on robust data collection, 
identification of key variables, and analytical 
methods that allow for non-linear responses so 
common in ecosystems. Forecasting, in general, 
is an important aspect of modern environmental 
science, especially given the unprecedented rates 
of change to ecosystems in the Anthropocene.
There are many aspects of Salish Sea ecology 
and oceanography that went unmentioned in 
this report. For example, food web changes 
as a consequence of human impacts and/
or climate change remain unresolved; a 
comprehensive set of models may provide 
insight where we lack detailed data. End-
to-end models are now feasible because 
of improvements in the component sub-
models (hydrodynamic models, food web 
models, individual-based models, etc.) and 
the availability of sufficient computing power 
to bring extensive datasets and simulations 
together. In June 2020, The Puget Sound 
Institute launched the Salish Sea Modeling 
Center as a host for various modeling efforts 
(Puget Sound Institute 2021). Strengthening 
this community of researchers and practitioners 
and the set of tools available, combined with 
continued data acquisition is of paramount 
importance in thinking about the Salish Sea as 
a complex system.
Use Models as Integrative Tools
Models have become important tools in 
ecosystem-based management for integrating 
many disparate ecosystem components. These 
models take many forms: hydrodynamic models, 
elemental models tracking nitrogen or carbon 
through our ecosystems, stock assessment 
models, food web models, spill-response 
models, network models, management strategy 
evaluation simulations, and others are used in our 
region by agencies and university researchers. 
Models rely on high-quality data as inputs, 
numerical, statistical, and computational know-
how, and an understanding of ecosystem and 
management processes to reap the most benefit. 
To be reliable, extensive development, testing, 
and recalibration of models is often necessary. 
However, ecosystem modeling is progressing 
in development and presents an opportunity 
to establish an open-access, community-
based approach supported by a suite of truly 
interdisciplinary efforts (Rose et al. 2010).
Ongoing modeling work throughout the Salish 
Sea is bringing together data, computing power, 
and technical expertise to better understand 
oceanographic and ecosystem processes. The 
Salish Sea Marine Environmental Observation 
Prediction and Response Network (Salish Sea 
MEOPAR 2021), LiveOcean (UW Coastal Modeling 
Group 2021), and the Salish Sea Model (Pacific 
Northwest National Laboratory 2021) are just 
some of the efforts focused on understanding 
oceanographic processes and the fluxes they 
drive. Large end-to-end models—models 
that combine physicochemical oceanographic 
descriptors and organisms ranging from microbes 
to higher-trophic-level organisms and humans, 
in a single modeling framework—are also being 
developed for the region. These include an 
Atlantis Ecosystem Model under development 
by Fisheries Northwest Fisheries Science 
Center (National Oceanic and Atmospheric 
Administration 2021), a parallel Atlantis model 
for the broader Salish Sea (developed by CSIRO 
Australia), and an Ecopath Food Web Model 
being developed by researchers at University 
of British Columbia and the Pacific Salmon 
Foundation (Global Ocean Modeling 2021). 
Several models currently being used in the 
Salish Sea have the ability to test scenarios by 
modifying inputs to reflect some defined set 
of observed or expected conditions. Some of 
these are simple and are based on conceptual 
underpinnings (Harvey et al. 2016; Sobocinski et 
al. 2017) but allow for direct stakeholder input to 
test cumulative effects or competing hypotheses. 
In many ways, models allow a glimpse into 
what a future Salish Sea could look like (see 
Vignette on the Salish Sea Model) by calibrating 
the model to existing or past conditions and 
modifying input parameters to reflect projections 
for the future. Models allow us to pose questions 
and make simulations about the ecosystem. But 
to have the most predictive power they must be 
calibrated to robust data collected at appropriate 
Ongoing modeling work throughout the Salish Sea is bringing together data, computing 
power, and technical expertise to better understand oceanographic and ecosystem 
processes. Modeling tools should incorporate the multiple simultaneous and cumulative 
impacts on the Salish Sea from climate change, urbanization, and more. To become truly 
powerful and integrative, models must incorporate the transboundary, social-ecological 
system at multiple levels of spatial and temporal complexity.
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Create a Transboundary Salish Sea  
Data and Information Repository
Assembling, harmonizing, sharing, and 
accessing Salish Sea-wide data and information 
is a grand challenge for our region. One of the 
most challenging aspects of a transboundary 
ecosystem like the Salish Sea is that science and 
management entities differ from one side of 
the border to the other, with varying missions, 
purviews, and systems. The complexity created 
by an international border is illustrated when 
researchers or managers attempt to find, share, 
and/or integrate data representing the bioregion 
or try to harmonize data from different countries. 
Leveraging existing data collection efforts and 
harmonizing data is not an insignificant task, 
but assembly and integration of ecoregion-wide 
data needs to be given higher priority to better 
evaluate status and trends within the Salish Sea 
as an ecosystem. 
Different mapping schemes, units, scales of 
collection, and other discordant features make 
assembling comprehensive datasets a challenge. 
Harmonizing data is rarely a matter of simple 
calculation to arrive at common units; it can be 
a much more pervasive problem that makes 
envisioning and monitoring an ecosystem in its 
entirety a big challenge. 
Cross-border data flows are not a new problem 
in the data analytics world (World Economic 
Forum 2020). Regions from the Middle East 
to Europe have recognized the importance 
of regional (transboundary) approaches for 
managing ecosystems, including water resources 
and air quality. The Salish Sea is no different in 
terms of political barriers, and harmonizing data 
in a region-wide initiative will further our ability 
to integrate across disciplines and agencies to 
support inferences about impacts in the Salish 
Sea and potential large-scale solutions.
Programs and systems to harmonize data may 
not need to be entirely novel. For example, 
existing programs that monitor fundamental 
structures and processes like eelgrass beds 
and water quality (temperature, salinity, 
dissolved oxygen, and pH) could coalesce to 
build a regional data management system so 
that transboundary analysis and evaluation is 
possible. The Strait of Georgia Data Centre is an 
excellent example of a data repository with strict 
metadata standards and cataloging procedures, 
but currently it is focused on Canadian data 
(Strait of Georgia Data Centre 2021). There are 
encouraging examples of data repositories in 
place and others could be built to accommodate 
disparate datasets and move toward true 
harmonization in data collection, storage, 
sharing, and archiving.
Ongoing projects with long-term data assets 
will need additional support to move toward 
an integrated system, but new data collection 
efforts could integrate across the border by 
design. New directed projects and long-term 
monitoring efforts can endeavor to include 
integrated approaches and move in the 
direction of “open science,” whereby data, 
code, and products are shared freely and 
transparently (Hampton et al. 2015). 
Mapping is one area where integration 
would be especially useful. For example, in 
the 1990s both the Washington and British 
Columbia governments supported ShoreZone 
mapping initiatives (ShoreZone 2021). Although 
used extensively over the last 20 years, the 
Washington survey has not been updated since 
it was created. Most of the British Columbia 
coast was also mapped at that time and has 
also not been updated. There is an opportunity 
to revisit the ShoreZone maps and compile 
new Salish Sea-wide data to take advantage of 
advances in technology and evaluate changes 
to the ecosystem in the last 20 years. A 
comprehensive coastal survey of the Salish Sea 
is possible given the continued development of 
the ShoreZone and other mapping protocols, 
and new technology like drones (capable of 
carrying sophisticated surveying instruments) 
could make a transboundary mapping effort less 
time-consuming and costly.
Funding and infrastructure support for integrated 
data management is required. Strategies to this 
end include: 1) data sharing and data curation 
agreements with funding for the long-term 
curation of system-wide data, 2) cooperation 
by scientists on both sides of the border to 
standardize methods and generate compatible 
datasets, and 3) funding to support the 
integration of existing data, quality assurance, 
data storage, and data upkeep. 
Care and consideration will be needed for 
addressing Indigenous knowledge in data 
harmonization, integration, and management 
efforts. Tribal and First Nations communities 
are distinct with individual jurisdictions, 
sovereignty, and legal systems. Traditional 
knowledge and climate-related data are 
integral to full understanding, but what is 
collected and observed by one community may 
not be the same for neighboring Tribes and 
Nations. Specific research ethics arrangements 
and cultural protocols will need to shape 
knowledge and data sharing, with explicit 
consent and engagement from communities 
involved in the process. 
In addition to collecting and managing data, 
there is need and opportunity for interpreting, 
analyzing, and ultimately sharing Salish Sea 
knowledge and science. Salish Sea science 
communicators, educators, and storytellers make 
meaning of what we observe and share it with 
the community. In addition to compiling and 
curating Salish Sea data, convenings and digital 
repositories for sharing information and stories 
are needed to develop and deepen Salish Sea 
learning and connection. 
The biennial Salish Sea Ecosystem Conference 
is one of many regional, place-based forums for 
exchanging ideas, like the State of the Pacific 
Ocean Meeting, Vine Deloria Jr. Indigenous 
Studies Symposium, Pacific Estuarine Research 
Society Annual Meeting, and The Living Breath 
of wǝɫǝbʔaltxʷ: Indigenous Foods and Ecological 
Knowledge Symposium. These forums of 
exchange build on traditions of bringing people 
Develop strategies for integrated data management, including efforts to harmonize data 
across the border and across disciplines, jurisdictions, and agencies. Long-term collection 
and curation of Salish Sea-wide data, information, and stories will support shared efforts 
toward transboundary science, policy, and education.
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together to share status and trends, knowledge, 
community impacts of actions, and scientific 
dialogue and interpretation. 
Additionally, the role of the media is also 
important for sharing information and stories 
about transboundary environmental topics. 
While logistics and expenses are barriers to 
more complete coverage within the bioregion 
(Moscato 2020), independent publications like 
Hakai Magazine, blogs like Salish Sea News and 
Weather, and numerous news and social media 
outlets are essential for conveying up-to-date 
information across boundaries.
The Salish Sea Ecosystem Conference is a critical place for sharing Salish Sea science, knowledge, 
and practice. This meeting, previously the Puget Sound/Georgia Basin Research Conference, offers a 
biennial assembly for scientists, managers, educators, policy makers, leaders, and interested community 
members from the United States, Canada, and Tribes and First Nations to gather and share the latest 
scientific research, education, and management approaches relevant to the sustainability of the Salish 
Sea ecosystem. 
This conference is an important forum for building place-based shared knowledge, policies, and 
practices necessary to guide actions for protecting and restoring the Salish Sea, with presentations 
archived and available (Salish Sea Ecosystem Conference 2021). The conference presents an excellent 
opportunity to highlight regional activities that may not be destined for peer-reviewed literature, but 
which nonetheless strengthen understanding. The conference also aids in relationship building among 
people and organizations working on behalf of the ecosystem, regardless of the sector they represent.
Many of the complexities—and opportunities—
identified in this report were part of the rationale 
for creation of the Salish Sea Institute at Western 
Washington University in 2017. The Institute 
shares science, policy, and ecosystem learning 
across the Salish Sea by administering the 
Salish Sea Ecosystem Conference, convening 
transboundary conversations on critical issues, 
and developing curricula about our shared 
waters. This report is an expression of the 
Institute’s mission to share Salish Sea science 
and foster responsible stewardship of the Salish 
Sea, inspiring and informing its protection for the 
benefit of current and future generations. 
Aerial view of Seattle, Puget Sound, and the Olympic range
Photo: iStock
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EMBRACE MULTIPLE  
WAYS OF KNOWING  
AND CONNECTING  
TO THE SALISH SEA Apply Social-Ecological Systems Science
The marine social sciences inform and 
expand an understanding of the benefits of 
environmental literacy, cultural connections to 
the ecosystem, human well-being, and social 
equity (Bennett 2019), all of which are necessary 
to building resiliency in management within 
our complex social-ecological system. Efforts 
to identify and describe human connections 
within the Salish Sea are essential for a holistic 
approach to studying and understanding the 
Salish Sea and supporting future resilience and 
regeneration (Breslow et al. 2019). 
For example, recent research on social-
ecological systems from both an ecosystem 
services and human well-being perspective 
highlights the importance of well-being 
in fostering environmental stewardship in 
coastal regions (Bennett 2019). Combined 
with leadership by Tribes and First Nations, 
especially related to timely issues like sea level 
rise and climate change (e.g., Squaxin Island 
Tribe 2021; Northwest Indian Fish Commission 
2016; Swinomish Indian Tribal Community 
2010; Swinomish Climate Change Initiative 
2021), efforts to conceptualize the Salish Sea 
as a social-ecological system will foster greater 
connectivity among residents across and 
promote a wider range of solutions. 
A recent effort by the “Social Science for 
the Salish Sea Incubator” at the University of 
Washington’s EarthLab outlined a research 
agenda for environmental social science that 
serves the ecosystem recovery needs of the 
transboundary waters of the Salish Sea (Breslow 
et al. 2019). Combined with growing knowledge 
of our biophysical system, understanding the 
complex relationships between people and their 
environment can stimulate wise management 
decisions and development actions for 
ecosystem restoration and protection, as well as 
foster human well-being and sense of place (see 
Vignette 22, Sense of Place). 
Humans have made clear and unequivocal 
impacts to the Salish Sea ecosystem over the 
past two centuries. But humans have also made 
positive changes—from centuries of Indigenous 
management systems and technologies to policy 
and management efforts in the US and Canada 
to reverse the course of degradation and ensure 
cleaner air and water, eliminate or remediate 
toxic chemicals, improve regulations on harvest, 
and advance regulatory and restorative actions 
with broad public support. Understanding the 
complex and evolving relationship between 
Salish Sea communities and the ecosystem—the 
Salish Sea social-ecological system—will continue 
to present opportunities to change the trajectory 
of the ecosystem and our relationship with it. 
Invest in initiatives that address human well-being and cultivate a strong sense-of-place 
within Salish Sea communities. Understanding the complex relationships between people 
and their environment can stimulate wise management decisions and development 
actions for ecosystem restoration and protection, as well as economic sustainability.
Climbers looking over Skagit Bay from Mount Erie
Photo: Faith Owens 
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Recognize Indigenous Knowledge Systems
Coast and Straits Salish peoples hold thousands 
of years of knowledge and practice for managing 
and conserving the Salish Sea. The strength of this 
knowledge must be recognized and incorporated 
in all aspects of assessing, managing, and 
restoring the state of the Salish Sea and its 
ecosystem functions. Through co-management, 
creating ethical space for collaboration initiatives 
(Ermine 2007), and working together as equal 
partners, we can better ensure the future health 
and wellness of the Salish Sea. 
Many Indigenous communities in the Salish 
Sea region are activating Indigenous legal and 
knowledge systems to fight climate change and 
protect their homelands and waters from further 
degradation. Examples include reclaiming 
traditional fisheries and implementing 
food sovereignty projects (see Vignette 23, 
Indigenous Management Systems; Claxton 
2015; Curran et al. 2020), contesting industrial 
projects on traditional homelands (Norman 
2017; Allen et al. 2018; Hanson 2018), engaging 
in archaeology and historical ecology research 
to inform future land practices, implementing 
Guardian Watchmen programs (West Coast 
Environmental Law 2018), developing climate 
adaptation strategies and plans (e.g., Puyallup 
Tribe 2016; Pacific Northwest Tribal Climate 
Change Project 2021), and studying and 
investing in culturally-grounded community 
health and environmental justice initiatives (e.g., 
Indigenous Health Indicators project; Swinomish 
Indian Tribal Community 2021). 
Indigenous laws, languages, and traditional 
knowledge systems carry integral values, 
protocols, and understandings, including 
an understanding of human-environment 
relationships and roles and responsibilities 
embedded within. Through past and continued 
colonial practices, Indigenous communities 
have faced losses of significant knowledge and 
degradation of their homelands and waters. It 
is critical to support Indigenous communities 
to revitalize and restore cultural identities and 
ecological knowledge systems, and apply 
centuries of knowledge of the lands and waters 
of the Salish Sea to address emerging climate 
impacts in their communities. 
Build Knowledge, Relationships, and Connection  
through Place-Based Learning
Young people around the world are already 
calling on leaders to address global climate 
change. Here in our region, school systems from 
K-12 to higher education can provide students 
with a bioregional orientation to anchor these 
global hopes through connection to place and 
commitment to local change. Land- and water-
based pedagogies and place-based education 
can support students to develop relationships of 
care and responsibility with their surroundings. 
SeaDoc’s Junior Sea Doctors curriculum, for 
example, activates curiosity for 5th graders 
through exploration of the Salish Sea ecosystem. 
In Sooke, BC, a study of an innovative and place-
based cross-cultural marine science program 
found that students “developed an increased 
environmental and cultural understanding of 
their local environment and feel that they have 
the ability to positively influence future decisions 
and events” (Ashurt et al. 2018). Place-based 
awareness of our ecosystems can engage 
students and their families in local environmental 
issues (Smith 2002).
Care for the natural environment must be 
cultivated alongside a deep understanding of 
our region’s histories, cultures, and systems of 
power (Calderon 2014; Wildcat et al. 2014). 
The K-12 Since Time Immemorial curriculum 
in Washington State and curricular changes 
in British Columbia resulting from the Truth 
and Reconciliation Commission in Canada 
offer significant opportunities to shift how 
we teach and learn on Indigenous lands and 
waters. In colleges and universities around 
the Salish Sea, projects and programs are 
emerging that invite students into critical 
education about where we live, building on 
long-standing efforts in tribal colleges and 
Indigenous education programs. For example, 
at the University of British Columbia (UBC), the 
Knowing the Land Beneath Your Feet program 
is in development to introduce students, 
faculty, staff, and visitors to the rich place-
based histories of the Musqueam Nation and 
other Indigenous communities on the UBC 
campus. At Western Washington University 
and Whatcom Community College, the place-
based, experiential, and multidisciplinary Salish 
Sea Studies curriculum introduces students to 
the complex human-environment systems of 
our shared region and is specifically designed 
to cultivate relationships with the Salish Sea 
and a sense of place and responsibility. 
Many other programs exist that help foster 
appreciation of the Salish Sea, creating 
stronger ties with the lands and waters 
around us. These programs, happening at the 
community level and in formal educational 
programs, are powerful tools and models that 
can be supported, adapted, and replicated. 
Cultivating a sense of place, connection, and 
relational accountability can translate into 
attitudes and behaviors that will benefit the 
Salish Sea, ranging from community science 
and volunteerism to community organizing, 
legislative action, and regulatory change.
Invest in initiatives that address human well-being and cultivate a strong sense-of-place 
within Salish Sea communities. Understanding the complex relationships between people 
and their environment can stimulate wise management decisions and development 
actions for ecosystem restoration and protection, as well as economic sustainability.
Invest in more intentional Salish Sea-wide place-based education, including support 
for Indigenous communities to build capacity for ecological and cultural restoration. 
Education initiatives can increase appreciation of the Salish Sea, creating stronger ties 
with the lands and waters around us.
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For example, Salish Sea Stewards, a program 
of the Skagit County Marine Resource 
Committee, offers forty hours of training for 
people interested in learning about the marine 
environment and volunteer opportunities to 
make a difference in their community. Hundreds 
of people have participated in the Biodiversity 
Galiano project since it launched in 2016 as 
a community-based effort to document local 
species around the island. There are many 
more examples across the Salish Sea. At the 
same time, there is great need and opportunity 
for more intentional cross-border place-based 
education, community science, and community 
organizing efforts (Säre 2020). 
Of primary importance is support for 
Indigenous communities to build capacity for 
developing and participating in place-based 
education that is inclusive of youth and elders 
and connected to traditional lands, waters, 
and legal and knowledge systems. It is vitally 
important that place-based education be 
accessible and inclusive—reaching people 
at all income levels, at all ages, and from all 
backgrounds (Finney 2014).
An aerial look at the Nooksack River delta 
looking out to the Strait of Juan de Fuca.





Enable Practitioners to Bridge Science 
and Community Investment
The Salish Sea benefits from many local- and 
regional-scale organizations supporting science, 
traditional knowledge, conservation, and 
restoration. The interface of science and practice 
affords the opportunity to bring additional 
participants into actionable science. Fostering 
community science initiatives, in the vein of 
the existing Northwest Straits Commission and 
Ocean Wise, to support local involvement in data 
collection, restoration, and local priority-setting 
would elevate the call to action within the Salish 
Sea by engaging additional groups in larger-scale, 
but decentralized collaboration.
Innovative efforts in community science have 
contributed to understanding and action in 
the Salish Sea in meaningful ways. In British 
Columbia, a collaboration with Pacific Salmon 
Foundation, Fisheries and Oceans Canada, 
and Ocean Networks Canada (ONC) created a 
“mosquito fleet” of ten fishing vessels to collect 
oceanographic data during the spring and neap 
tides at specific locations in coastal waters of 
the Strait of Georgia (Strait of Georgia Data 
Centre 2021). The objective of this program is to 
achieve oceanographic monitoring of the Strait of 
Georgia at a broader temporal and spatial scale 
than any one agency could cover on their own, 
while cooperating with existing vessels. Ocean 
Networks Canada developed a smart phone 
application for sample data transfer so that the 
data can be sent directly from the small boats to 
ONC. In Washington, the Island County Beach 
Watchers made measurements along shorelines, 
documenting taxa, eelgrass coverage, beach 
slope and more. Using a framework developed 
collaboratively with professional scientists, the data 
collected were rigorous and contributed to real 
understanding of shoreline processes (Toft et al. 
2017). This project and others have demonstrated 
that community scientists should be included not 
only as participants in data collection, but also as 
end users with deeper understanding, supporting 
the idea that a diversity of stakeholders should be 
included at all stages of program development. 
First Nations on the central coast of British 
Columbia have developed independent 
assessment and monitoring initiatives, including 
the creation of “Guardian Watchmen” programs 
(West Coast Environmental Law 2018). Guardian 
Watchmen programs facilitate and enhance 
monitoring, protection, and stewardship of the 
lands and waters within traditional territories. 
Guardians, often hired by their Nation, 
utilize modern science methodologies while 
incorporating a wealth of local traditional 
knowledge, legal orders, values, protocols, and 
worldviews. Guardians gather information, validate 
predications, develop indicators, and collaborate in 
developing adaptative capacity. The K’ómoks First 
Nation has implemented a Guardian Watchmen 
program, which offers a successful model that 
could be adapted and adopted by scientists and 
nations around the Salish Sea.
The examples offered above highlight efforts 
where creativity and collaborative, participatory 
approaches yielded successful outcomes and 
greater investment in regional science. Support 
for these programs stands to benefit both the 
community and science-driven management.
Rainbow during rain season over fishing pier in Sidney BC, Vancouver Island
Photo: iStock
The Salish Sea benefits from many local- and regional-scale organizations that operate 
at the interface of science and practice, bringing additional participants into actionable 
science. Foster community science initiatives by promoting local involvement in data 
collection, restoration, and priority-setting to elevate calls to action within the Salish Sea. 
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Use Adaptive Management Tools to Strengthen Planning
Adaptive management is a systematic 
management process of planning, doing, 
assessing, learning, and adapting by applying 
what was learned, aimed at continually 
improving management policies and practices 
(Holling 1978; Walters 1986). This approach 
was conceptualized in the Salish Sea region 
and many of the underlying tenets are 
critically important for management today. 
For example, one central tenet asserts that 
“management involves a continual learning 
process that cannot conveniently be separated 
into functions like ‘research’ and ‘ongoing 
regulatory activities,’ and probably never 
converges” (Walters 1986). Indeed today, many 
decisions on environmental problems are made 
in the absence of perfect information and are 
most likely not perfect solutions. 
In designing solutions for the Salish Sea, we 
know the system is impacted and changing, 
and any given solution may need to be 
updated as more understanding is gained. 
This approach involves adaptively managing: 
take some action, evaluate that action, and if 
the solution is imperfect, adapt the solution to 
improve it (Figure 6.1).
While adaptive management has been widely 
applied in other estuaries, like Chesapeake Bay 
(Boesch 2006), and to forest systems (Bormann 
et al. 2007), wetland restoration (Thom 2000), 
and fisheries (Walters 2007), there is need and 
opportunity to more broadly activate these 
strategies in the Salish Sea estuarine system. 
While it does not always lead to success due 
to lack of engagement, weak management 
experiments, and/or insufficient monitoring, 
the strength of adaptive management is in the 
recognition and confrontation of uncertainty 
(Allen & Gunderson 2011). 
Given the uncertainty associated with multiple 
ecosystem factors (e.g., climate-driven 
increases in precipitation intensity, sea level 
rise, widespread impervious surfaces bringing 
contaminants to the estuary) that are all changing 
simultaneously and are not yet fully understood, 
adaptive management would seem not only a 
viable approach, but necessary. In his book on 
the subject, Walters states, “Even if managed 
systems do not keep slipping away and changing 
under us, there remains the problem of how 
to use accumulated data” (Walters 1986). 
Leveraging accumulated data and knowledge 
in the Salish Sea could help form a strategy to 
address the cumulative impacts associated with 
climate change and human development. 
In a sense, traditional knowledge and 
management systems interpret and respond 
to feedbacks from the environment to guide 
resource management much as adaptive 
management approaches do (Berkes et al. 
2000). Adaptive management emphasizes 
flexible decision making and responsive 
institutions, incorporation of various sources of 
knowledge, and an iterative learning process 
(Armatas et al. 2016). Traditional practices 
include a number of adaptations for the 
generation, accumulation, and transmission of 
knowledge and make use of local institutions 
for regulation (Berkes et al. 2000). And in fact, 
Tribes and First Nations have been leaders in 
developing Climate Adaptation Plans (e.g., 
Puyallup 2016; Jones 2020; Pacific Northwest 
Tribal Climate Change Project 2021). These 
plans set the stage for response to climate-
driven changes by articulating expected 
impacts and potential strategies to mitigate or 
adapt to these impacts. Many Tribal lands are 
in low-lying areas of the Salish Sea and some 
communities are already feeling the effects of 
climate change. Building community health and 
resilience will necessarily involve environmental 
resilience and creative and adaptive solutions.
Figure 6.1. Adaptive  
management conceptual diagram.  
Source: California Department of Fish  
and Game 2015 
Use adaptive management strategies to address cumulative impacts associated with 
climate change and human development in the Salish Sea. The iterative nature of 
adaptive management allows for simultaneously confronting complexity and uncertainty 
while also being proactive and responsive at local and regional scales.
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Build Sustained and Regenerative 
Ecosystem Functions to Improve Resilience
Given the unrelenting stresses and visible 
evidence of damages that have been done to 
the Salish Sea, we must foster both a sustainable 
and regenerative mindset for the ecosystem. 
Sustainability implies a steady-state “do no harm” 
approach, and in some regions of the Salish Sea 
this focus on sustainability may be sufficient to 
maintain ecosystem function and provisioning of 
ecosystem services. But due to the continuing 
threat of global climate change, we need to build 
resilience, especially at the land-sea ecotone 
where human infrastructure will exacerbate 
problems associated with rising sea level and 
the landscape’s inability to adapt in the face of 
shoreline armoring and built structures. In order to 
confer resilience on the system we need to think 
regeneratively with respect to what we’ve lost in 
terms of ecosystem function (Reed 2007). 
Cities such as Seattle, WA, Vancouver, BC, and 
Surrey, BC, are determining the sensitivity of 
drainage and wastewater systems to extreme 
precipitation events and planning for climate 
change mitigation and adaptation. These efforts 
include amending or implementing new codes 
and policies to be responsive to climate change, 
making physical modifications to existing 
structures, changing the way infrastructure 
is operated based on current and future 
conditions, embedding climate information 
into decision-making tools, and incentivizing 
changes in behavior. Because much of our built 
environment is upgraded or replaced on time 
periods longer than the rate of climate change 
and ecosystem disruption we are observing, 
the necessary policy, planning, and adaptive 
management tools will need to accelerate and 
continue to innovate to yield enough action and 
mitigation to keep pace.
We must build a system of responsiveness, based 
in science but incorporating the interconnected 
system of humans and environments. Our 
collective role as stakeholders in the ecosystem is 
to develop our relationship into one that creates 
a system of mutually beneficial relationships and 
the implicit knowledge of these relationships. 
This will require shifting the thought paradigm 
from the environment as a resource to be 
utilized to instead understanding the ecosystem 
as being part of a complex and integrated 
relationship with humans. While remediation and 
restoration have been tools in our ecosystem 
management kit for some time, regeneration 
re-envisions restoration to include an entirely 
new means of ecosystem function, recognizing 
that the ecosystem is constantly changing 
and “going back” will not be possible with 
continued perturbations. Positive, protective, 
restorative, and regenerative actions are 
increasingly necessary as the population grows 
and threats from climate change fundamentally 
alter ecosystem processes and our human 
dependencies upon those processes. 
Build resilience, especially at the land-sea ecotone where human infrastructure will 
exacerbate problems associated with rising sea level. Positive, protective, restorative, 
and regenerative actions are increasingly necessary as the population grows and threats 
from climate change alter ecosystem processes.
Snow geese at Reifel bird sanctuary
Photo: Yuri Choufour
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An important part of biodiversity monitoring includes 
assessing the differences in vulnerability across parts of 
an ecosystem. Hypoxia is one of the big three climate-
related stressors causing biodiversity loss in the oceans. 
As the ocean warms, its capacity to hold oxygen 
becomes reduced. At the same time, concurrent 
shifts in circulation result in changes to how oxygen 
gets transported from the surface (where oxygen 
dissolves into the ocean) to the seafloor and from 
offshore to inshore areas. When a habitat experiences 
a substantial drop in oxygen, below the point needed 
to sustain everyday life, animals respond by migrating 
away, adapting to the new conditions, or dying from 
suffocation. The key to linking the biodiversity response 
to the oceanographic change is to simultaneously 
monitor both because high levels of variability are 
intrinsic to both sides in the ecology equation.
Since 2006, Ocean Networks Canada (ONC) has 
continuously collected oceanographic data at their 
Victoria Experimental Network Under the Sea (VENUS) 
observatory in Saanich Inlet, British Columbia, Canada 
(https://www.oceannetworks.ca/). ONC operates 
several of these permanently powered, cabled seafloor 
observatories in the Salish Sea. Real-time data are 
captured every minute and streamed to the internet 
for free public access. The Saanich Inlet VENUS 
observatory was the first to go online and has since 
become the longest continuous time-series among 
seafloor observatories worldwide. At launch, this new 
technology captured just how variable the annual 
oxygen cycle was in the Salish Sea and would eventually 
reveal the decline in the average oxygen level after 15 
years of monitoring (Figure 1). A companion biodiversity 
time-series was also developed alongside the ONC 
time-series and used remotely operated vehicles 
(ROV) equipped with onboard high-definition cameras 
and oxygen sensors to monitor the benthic fish and 
invertebrate community living in this habitat. With both 
time-series in place, the first eight years established a 
benchmark period that showed how seasonality in the 
Salish Sea creates annual cycling of habitat compression 
and expansion in Saanich Inlet (Chu & Tunnicliffe 
2015). In 2016, this ecological monitoring program 
allowed an unprecedented collapse in the community 
to be captured and linked back to an extreme marine 
heatwave in 2016 (i.e., the Blob).
When the extreme marine heatwave occurred in 2016, 
it had the cascading effect of creating an equally severe 
hypoxia event in the Salish Sea (Gasbarro et al. 2019). 
Measuring the impact of this severe hypoxia event was 
Figure 1. Long-term oxygen time-series from the Ocean 
Networks Canada cabled, seafloor observatory in Saanich Inlet, 
British Columbia, Canada. The 2016 severe hypoxia event can be 
appreciated from looking at the annual trend (one-year running 
mean) through the raw ONC data and the resulting impacts on 
the benthic fish and invertebrate community. Source: Open data 
from http://oceannetworks.ca.
HOW ECOLOGICAL TIME-SERIES CAN 
INFORM ON THE VULNERABILITY OF 
DIFFERENT MARINE SPECIES TO  
MAJOR CLIMATE STRESSOR EVENTS
Dr. Jackson W.F. Chu, School of Environmental Studies, University of Victoria
21 only possible because of the benchmark period and the continued efforts to monitor the fallout for several years after the event had passed. The first sign that the community had reached a tipping point came from 
the commercially targeted species living in Saanich 
Inlet. Shrimp such as spot prawn (Pandalus platyceros), 
pink shrimp (P. jordani), and humpback shrimp (P. 
hypsinotus) were common in the annual surveys until 
they disappeared in 2016. Traits of commercially 
targeted species are often correlated with having a 
higher sensitivity to hypoxia stress (Chu & Gale 2017). 
While the shrimp are known to be hypoxia sensitive, 
they had never entirely disappeared from this site 
before. Other species, such as those that fishers refer 
to as “trash species”, remained numerous. Populations 
of squat lobster (Munida quadrispina) and slender 
sole (Lyopsetta exilis) remained high and expanded 
their distributions into the hypoxic areas that usually 
harboured all the shrimp. All animals need oxygen to 
survive, but some are physiologically adapted to have 
higher hypoxia tolerance. Generally, low metabolic 
demands in squat lobster and slender sole allow them 
to survive exposure to conditions that are lethal to 
other species (Chu & Gale 2017; Tunnicliffe et al. 2020). 
Besides these outliers to the general hypoxia rules, 
the populations of most other species shrank. The 
decrease in population density, the absence of shrimp, 
and the loss of associated species interactions led to 
a general collapse in the community structure due to 
the severe hypoxia event (Gasbarro et al. 2019). In 
2018, two years after the severe hypoxia event, oxygen 
conditions returned to normal, and the shrimp returned 
in abundance. However, the population of what was the 
most common species at this site, the cold-water coral 
Halipteris willeomesi, continued to decline.
Before 2016, H. willeomesi was consistently the most 
abundant animal observed in Saanich Inlet and had a 
peak population of approximately 6,000 individuals in 
2008. Like the other hypoxia sensitive species, the coral 
population shrank as a result of the 2016 event. While 
the shrimp populations recovered by 2018, the coral 
population continued to decline to approximately 1% 
of their peak population size, with only 66 individuals 
observed that year (Figure 2). The 2016 event also 
introduced a new coral predator to the system. The 
striped nudibranch Armina californica had never been 
observed in the community before 2016, but a small 
population has since established itself and fed on the 
remaining corals in the most recent ROV surveys. The 
community has yet to recover fully because the coral 
population remains small, with only 77 individuals 
observed in the most recent ROV survey performed in 
2020. If we exclude the effect of future extreme events, 
the coral population’s recovery to historic numbers will 
likely take decades, if not centuries, given their low 
recruitment potential. (Chu et al. 2020).
The story in Saanich Inlet likely reflects what can occur 
throughout the northeast Pacific Ocean during an 
extreme climate stressor event. Saanich Inlet’s featured 
species are found throughout the Salish Sea and have 
distributions throughout the northeast Pacific Ocean. 
Maintaining these time-series have been challenging 
but has been made possible through collaboration 
with Ocean Networks Canada, Fisheries and Oceans 
Canada, and the University of Victoria. Long-term 
biodiversity time-series are invaluable to understanding 
the current state of our rapidly changing oceans, 
and such data are exceedingly scarce in the deep-
sea. This tireless effort has shown that continuous 
ecological monitoring is needed to establish the 
empirical connections between climate change and the 
vulnerability of species to extreme stressor events when 
they are exposed to conditions that exceed the norm. 
Figure 2. The density of the Halipteris willeomsi coral population before 
and after the 2016 severe hypoxia event in Saanich Inlet, British Columbia, 
Canada. Lasers are spaced approximately 10 cm apart in the lower panel.222 223
Sense of place refers to peoples’ bonds and 
meanings associated with place (Masterson et 
al. 2017). Sense of place tends to include: place 
attachment (bond or connection to place); place 
dependence (reliance on place for need or goal 
achievement); place identity (identification with 
place); and place meaning (descriptions or imagery 
that define a place). These dimensions are connected 
and reflect individual or shared beliefs, emotions, 
symbols, memories, knowledge, feelings, behaviors, 
and experiences (Masterson et al. 2017). Sense 
of place is subjective, yet patterned, providing 
researchers with the ability to assess shared 
connections, understandings, meanings, and the 
potential to predict behaviors or perceptions.
Sense of place is recognized as integral to ecosystem 
health and recovery. This recognition stems from 
sense of place’s links to: ecosystem services (World 
Health Organization 2005); human well-being 
(Biedenweg 2016); health (Donatuto et al. 2016); 
conflict (Breslow 2014); cultural practices (Poe et 
al. 2016); responses to place change (Marshall et 
al. 2019); place names (Trimbach 2019a); and pro-
environmental behaviors (Junot et al. 2018). A strong 
sense of place contributes to human well-being 
(Biedenweg 2016) and influences pro-environmental 
attitudes or behaviors, like stewardship or responses 
to place change (Junot et al. 2018; Marshall et al. 
2019). Sense of place can be understood, if not 
harnessed to address ecosystem challenges and 
recovery actions. This vignette outlines the status of 
sense of place in the Salish Sea region based on a 
non-exhaustive review of regional research. 
Since time immemorial, Indigenous communities 
have developed distinct human-environment 
relationships. These relationships reflect the centrality 
of place in Indigenous knowledge and worldviews, 
and engagements in and through place (Johnson & 
Larsen 2013). These relationships are demonstrated 
through cultural keystone places (CKPs), or places 
with high biocultural diversity that are significant 
to people’s identities and lifeways (Currier et al. 
2015). For example, the Lekwungen people consider 
Tl’eches (an archipelago near Vancouver Island) 
integral to their community, as this specific place is 
a source of identities, knowledge, sustenance, and 
spirituality (Currier et al. 2015). According to Thom 
(2005), sense of place anchors “Coast Salish people 
in the world,” and “continues to be experienced 
and thought of in uniquely Coast Salish ways,” as 
reflected in cultural narratives and practices (Thom 
2005, p. 4). Practices include activities like traditional 
shellfish harvesting that link heritage, experiences, 
and social connections to sense of place (Poe et 
al. 2016). Regional species like shellfish (Poe et al. 
2016), orca (Colby 2013), salmon (Breslow 2014), 
and gray whales (Deutsch 2017) are also connected 
to the region’s Indigenous communities, reflecting 
why sense of place is considered an Indigenous 
community health indicator, as degradation or 
place change could negatively impact Indigenous 
communities (Donatuto et al. 2016). Overall, 
Indigenous peoples have unique senses of place, 
illustrating the necessity to protect the places that 
have long been stewarded by these communities 
and the necessity to integrate Indigenous voices in 
environmental decision-making.
Place names are powerful symbols that contribute 
to and reflect sense of place. Place names denote 
shared or competing identities, attachments, 
meanings, memories, histories, languages, politics, 
physiographic features, and cultural narratives. 
The Salish Sea is a recent official place name 
(approximately 2009-2010) aimed to acknowledge 
the Coast Salish people and is not without contention 
(Tucker & Rose-Redwood 2015). SeaDoc Society, 
working closely with the author (Trimbach 2019a), co-
SENSE OF PLACE IN  
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22 created a bi-national survey aimed at understanding Salish Sea geographic literacy and place name knowledge. Overall, the region’s residents are 
largely unfamiliar with the Salish Sea as a place name 
in both descriptive and visual (map) forms, with 
British Columbia residents having greater familiarity 
compared to Washington residents. This lack of 
familiarity or use of inconsistent place names may 
equate to inconsistent, conflicting, or divergent 
senses of place among regional residents. These 
results highlight the power of place names and 
benefit, if not need, of a shared place name to foster 
a shared sense of place and responsibility to address 
shared challenges.
The Puget Sound Partnership’s Human Wellbeing 
Survey (2018-present) and Sense of Place Vital Sign 
are, to the author’s knowledge, the only government-
supported effort to explicitly and consistently gauge 
sense of place of the natural environment in the 
region (Biedenweg 2016; Puget Sound Partnership 
2019). The results reveal that 70% Puget Sound 
residents have a strong sense of place (index of 
indicators, including attachment and identity) 
connected to Puget Sound’s environment (Fleming & 
Biedenweg 2019). The results highlight that residents 
are attached to, identify with, benefit from, and 
maintain positive perceptions of the environment. 
The findings are supported by a complementary 
2019 survey (Trimbach 2019b) that shows residents’ 
sense of place of Puget Sound’s shorelines, including 
place meanings that emphasize the importance of 
natural attributes. While, to the author’s knowledge, 
no paralleled survey has been implemented in British 
Columbia, Statistics Canada has conducted national 
surveys, known as the General Social Survey, with a 
sense of place component. The 2013 results show 
that 45% of British Columbia residents have a strong 
regional (British Columbia) sense of place (belonging; 
Statistics Canada 2015). A 2019 survey showed 
that British Columbia residents do have a strong 
regional identity, with 75% stating their province 
is important for sense of place (identity; Environics 
Institute for Survey Research 2019). These collective 
findings reflect that transboundary residents do have 
a sense of place connected to the region and/or its 
environment. 
Based on this review of regional research, residents 
appear to share a connection to the Salish Sea 
region, although those senses of place likely vary. 
This sense of place could be effectively integrated 
and applied in environmental planning, management, 
or governance to better align these efforts with how 
the region’s communities feel, think, experience, and 
engage the Salish Sea and its environs. More research 
is also needed to better reflect the full spectrum of 
sense of place in the region. The author advocates 
for further sense of place research that better reflects 




Indigenous peoples of the Northern Pacific Rim 
have harvested salmon for more than 10,000 years 
(Cannon & Yang 2006; Muckle 2007), and Pacific 
salmon (Oncorhynchus spp.) form the foundation of 
social-ecological systems encompassing communities 
from California to Kamchatka and Northern Japan 
(Yoshiyama 1999; Muckle 2007; Tabarev 2011). 
Through continuous placed-based interdependence 
with salmon (Campbell & Butler 2010; Cannon et 
al. 2011; Ritchie & Angelbeck 2020), Indigenous 
societies formed deliberate and well-honed systems 
of salmon management (Carpenter et al. 2000; 
Turner & Berkes 2006; Menzies & Butler 2007). These 
systems promoted the sustained productivity of 
salmon fisheries, which likely rivaled early colonial 
commercial fisheries in their scale (e.g., Craig & 
Hacker 1940; Glavin 1996; Meengs & Lackey 2005), 
yet far outperformed them in their resilience and 
continuity (Campbell & Butler 2010).
In Canada and the United States, Indigenous 
sovereignty and resource stewardship were forcibly 
disrupted beginning in the mid-19th century 
and replaced by colonial government authority. 
Colonization altered the scales, methods, and 
locations of salmon harvesting and governance, 
stripping rights and jurisdiction from Indigenous 
people, and beginning a struggle for access and 
authority that continues to this day (Higgs 1982; 
Harris 2001; Heffernan 2012; Carothers et al. 
2021). Commercialization transformed the values 
and motivations of fishers, as fishing companies 
and colonial governments sought to develop and 
extract resources for global markets, and outlawed 
Indigenous subsistence and trade fisheries (Newell 
1993; Yoshiyama 1999; Harris 2001). In the rush 
to extract wealth from the watersheds of the 
Pacific Northwest, salmon habitats were damaged, 
often irreparably, by logging, mining, diking, dam 
construction, urbanization, and other destructive land 
uses (Baird 1875; Stone 1892; Miller 2010). 
Among the most profound transformations in 
management brought on by colonization was the 
shift to mixed-stock ocean fisheries, which gradually 
replaced Indigenous in-river salmon fisheries as 
the primary method and scale of harvest (Cobb 
1921; Higgs 1982; Morishima & Henry 2000). Many 
salmon in the Eastern Pacific traverse United States, 
Canadian, and international waters during their 
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23 migratory life cycle, and fish are routinely harvested outside their state or country of origin (Malick et al. 2017; Pacific Salmon Commission 2020a). Today, 
most salmon caught from Southeast Alaska south 
to California are harvested in marine mixed-stock 
fisheries, an anomaly in a 12,000+ year history of 
Pacific salmon fishing. 
With a changing climate contributing to declining 
abundance, and conservation risks posed by 
modern non-selective mixed-stock fisheries, salmon 
stocks are struggling to provide sustainable social, 
economic, and ecological benefits for society. In 
Canada, long-term and recent declines continue to 
erode the health and resilience of salmon centered 
social-ecological systems (COSEWIC 2018; Walters 
et al. 2019; Steel et al. 2021). Likewise, in Puget 
Sound, record low sockeye and Chinook returns 
to the Fraser, and Endangered Species Act-listed 
Chinook, chum, and steelhead populations limit 
the cultural, environmental, and livelihood benefits 
provided by these formerly abundant species 
(National Marine Fisheries Service 2006; National 
Marine Fisheries Service 2017; Pacific Salmon 
Commission 2020b). However, salmon from the 
Salish Sea are routinely harvested in faraway mixed-
stock fisheries, sometimes at unsustainably high 
rates (National Marine Fisheries Service 2019; 
Pacific Fisheries Management Council 2020; Pacific 
Salmon Commission 2020b).  The migratory life 
cycle of salmon thus poses additional challenges 
to sustainability by creating mismatches between 
management decisions, fishery opportunities, and the 
biologically relevant processes that sustain salmon 
populations (e.g., river disturbance, rainfall and 
temperature, and ocean climate and productivity; 
Bottom et al. 2009; Malick et al. 2017).
Despite the destructive impacts of colonization, 
Indigenous culture and knowledge are resurgent 
in Canada and the United States. In the face of 
declining salmon stocks, variable and changing 
climate conditions, and negative downstream 
consequences of mixed-stock fisheries, Indigenous 
fishing technologies and management systems are 
being documented and reinvigorated (Menzies 
& Butler 2007; White 2011; Claxton 2015; Atlas 
et al. 2017). Importantly, many Indigenous fishing 
technologies enable terminal and selective fishing, 
reducing mixed-stock fishery risks and creating 
opportunities to harvest abundant species or 
hatchery-marked fish. Having supported vibrant 
salmon-dependent communities for millennia 
before European settlement, we believe systems of 
Indigenous salmon management can support long-
term opportunities for equitable and sustainable 
harvest of salmon across western North America.
Indigenous Fishing Technologies and their 
Application around the Salish Sea
In the Salish Sea, a wide variety of fishing 
technologies were formerly employed by Indigenous 
peoples, and the technology, social organization, 
and governance frameworks of salmon fisheries were 
tailored to the unique demands of each watershed 
or fishing location (Figure 1). A more complete 
discussion of Indigenous fishing technologies can be 
found in our recent article (Atlas et al. 2021)
Weirs
Around the Salish Sea, one of the most common 
fishing technologies was weirs—river-spanning fences 
that channeled salmon into traps or fishways—that 
were built annually in most river systems (Stewart 
1977; Higgs 1982; Harris 2001). In larger rivers 
around the Salish Sea, there were often multiple 
weirs (Harris 2001; Ritchie & Angelbeck 2020). 
Authority over a specific weir location was typically 
held by hereditary leaders who regulated access in 
accordance with laws guiding reciprocal relationships 
with returning salmon and surrounding villages, 
promoting sustainability, and protecting access for 
communities that depended upon them (Harris 2001; 
Trosper 2002; Mathews & Turner 2017). Historical 
and ethnographic evidence indicates that deliberate 
conservation measures in the management of weir 
fisheries allowed returning salmon to pass weirs and 
reach upriver spawning areas, and strictly enforced 
rules governed their use (Swezey & Heizer 1977; 
Higgs 1982; Harris 2001; Ritchie & Angelbeck 2020). 
Weirs remain a trusted tool for monitoring, in-season 
management, and selective harvest.
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Fish Traps
Throughout the Salish Sea, intertidal fish traps—built 
from stone or wood and net fibre—were a common 
method of harvesting salmon among Indigenous and 
early-colonial people (Stewart 1977). Archaeological 
evidence of intertidal fish traps is present in estuaries 
around the region, living testaments to the utility, 
durability, and widespread application of this 
technology (Caldwell et al. 2012; Greene et al. 2015). 
Intertidal fish traps typically targeted salmon as they 
staged in estuaries and lower rivers. Ethnographic 
evidence suggests that traps were often used to 
selectively harvest salmon, and that traps were 
dismantled during periods of inactivity to allow 
salmon to escape unharmed (Menzies & Butler 2007; 
White 2011). 
Fish traps remain a promising tool for low-impact 
selective fisheries, and a pilot project in the lower 
Columbia River has demonstrated their potential as 
a sustainable, economically viable, and less fossil fuel 
intensive alternative to current mixed-stock fishing 
technologies like gillnets, seines, and ocean trolling 
(Tuohy et al. 2019). Fish traps are currently being 
considered for legalization in the lower Columbia 
River by the Washington Department of Fish and 
Wildlife through an Emerging Commercial Fishery 
Designation (RCW 77.65.400). If successful, a similar 
legal action could be taken in Puget Sound to 
legalize fish traps for selective harvest of hatchery fish 
and release of Endangered Species Act-listed wild 
salmonids (Tuohy et al. 2020).
Reef Nets
Reef nets are endemic to the Salish Sea, and have 
long been used by Straits Salish Tribes on both sides 
of the border to harvest salmon in shallow-water 
marine approaches to their spawning rivers (Easton 
1990; Claxton 2015). The long leads of the reef net 
are anchored at their ends, tapering back in a funnel 
shape towards a central net that is fished between 
two boats (Figure 1). Migrating fish are observed 
from an upright position, or from a platform in many 
modern reef net vessels. When salmon have entered 
the heart of the net the sides are raised into the 
adjoining boats allowing the fish to be harvested 
selectively or released. 
The construction and use of reef nets was done 
following Indigenous Straits Salish law and tradition, 
and was a major source of subsistence, wealth, and 
cultural stability for Straits Salish people in the pre-
colonial era. Reef netting canoes were traditionally 
captained by individuals who held inherited rights to 
long-established reef netting locations. The nets were 
themselves sacred objects imbued with feminine 
life-giving qualities (Claxton 2015). Despite being 
protected under treaty agreements, reef nets were 
outlawed in Canada in the early 1900s  
(Claxton 2015), and reef net sites used by Indigenous 
Peoples were appropriated in Washington State to 
make way for commercial fish traps (Lummi Tribal 
Archives 1894).
Reef nets continue to be used in commercial fisheries 
in Washington State. Given the depressed status 
of many salmon species in Puget Sound, they have 
recently been highlighted as a selective fishing 
technology, and efforts are underway in the United 
States and Canada to reinvigorate reef net fisheries 
for tribal subsistence and commercial harvesting (e.g., 
Claxton 2015). 
Conclusions
Indigenous fishery systems offer alternatives to 
contemporary resource management due to 
differences in cultural values and knowledge systems 
that motivated their development. Whereas colonial 
societies have largely emphasized extraction 
of resources for short-term profit, Indigenous 
management has tended to emphasize multi-
generational sustenance and reciprocity (Trosper 
2002; Ban et al. 2019; Curran et al. 2020). Indigenous 
management also shares several key attributes with 
contemporary resource management; for example, 
both are guided by knowledge gained through the 
continuous observation of natural systems (Carpenter 
et al. 2000; Turner & Berkes 2006; Lertzman 2009). 
However, key differences exist in the scale, time 
horizons, and organizational hierarchies of Indigenous 
and contemporary resource management systems 
(Figure 2). Figure 1. A variety of traditional 
Indigenous fishing technologies 
and details of their use.
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Fisheries targeting single stocks may be a particularly 
valuable tool when the status of individual populations 
is variable and management resources are limited. In 
cases where circumstances necessitate mixed-stock 
harvesting, reef nets, seine nets and fish traps—
centuries old technologies with deep roots in the 
Salish Sea—can support selective harvest. By allowing 
fishers to harvest healthy wild or hatchery-enhanced 
stocks, and safely release non-target species, these 
technologies hold the potential for much wider 
application in selective fisheries. A critical first step is 
overturning antiquated laws prohibiting fish traps and 
weirs to enable broader use in fisheries in Washington 
State and British Columbia.
There is an urgent need to realign the scales 
of fisheries to reduce conservation risks, create 
equitable opportunities for sustainable harvest, and 
support salmon-dependent species and ecosystem 
processes (Healey 2009; Ward et al. 2009; Gayeski 
et al. 2018; Walsh et al. 2020). Despite ongoing 
environmental changes and declining abundance, 
salmon are resilient and often highly productive, 
and can support sustainable harvest if fisheries are 
downscaled to target specific healthy stocks. In the 
absence of this transformation, salmon managers 
will continue to face a set of wicked tradeoffs posed 
by mixed-stock fisheries, where harvesting abundant 
stocks erodes the biodiversity that underpins future 
fishing opportunity and resilience (Connors et al. 
2020). But more selective and terminal fisheries will 
produce limited benefits if mixed-
stock ocean fisheries continue to 
intercept a majority of harvestable 
salmon before they return to their 
natal watersheds, and terminal 
fisheries are not immune to 
overharvesting (Freshwater et al. 
2020). For many species, allocation 
decisions driven by the Pacific 
Salmon Treaty remain a barrier to 
recovery and limit the potential 
for transformation towards more 
locally managed fisheries. Thus, 
mixed-stock fisheries will likely 
need to forgo some opportunity if 
the social and ecological benefits 
of terminal and selective fisheries 
are to be realized (Connors et al. 
2020). 
Amidst rapid and deep-
rooted changes in ecosystems 
and fisheries, 10,000+ years 
of Indigenous stewardship 
knowledge and a growing 
scientific consensus tell us that 
Figure 2: A comparison of Indigenous 
and contemporary fishery management 
systems depicting how decision-making 
authority is distributed within each 
system, with insights into their social-
ecological performance across five key 
metrics.
revitalizing Indigenous systems of harvest and 
resource governance should be an urgent priority. 
Broader application of terminal and selective fishing 
technologies can help rebuild resilient locally 
managed fisheries, and in doing so contribute 
to long-needed shifts in the balance of power, 
legitimacy, and opportunity. With humility and 
in a spirit of collaboration, let us work together 
to bringing the story of salmon fisheries full 
circle, supporting the revitalization of Indigenous 
management systems that formerly supported 
sustainable fisheries for millennia. In doing so, we 
will move closer to a goal shared by many Pacific 
Northwesterners: that wild salmon remain at the 
foundation of North Pacific cultures and ecosystems 
for generations to come.
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Yelm Jim’s fish weir on the Puyallup River, circa 1885. Source: Washington State Archives.
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